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5 

TARGETING SUBSTANCE-DIAGNOSTIC /THERAPEUTIC AGENT 
CONJUGATES HAVING SCHIFF BASE LINKAGES 

TECHNICAL FIELD 

10 The claimed invention relates to targeting 

substance-diagnostic/ therapeutic agent con j ugates that 
are joined by improved Schiff base or hydrazone linkages 
that provide advantageous properties for in vivo imaging 
and therapy. 



15 



BACKGROUND OF THE INVENTION 

A Schiff base is an imine condensation product of an 

aldehyde and a primary amine. Formation of a Schiff base 

may be illustrated by the following reaction: 

20 OH 

NalO^ 

R-CHOH-CHjOH > R-CHO + NHg-R* > R-CH-NH-R • 

25 

OH 

R-CH-NH-R* > R-CH«N-R' + HjO 

30 Where R and/or R' are aliphatic substituents, the C=N 

(imine) bond of a Schiff base is known to be very 
unstable. Typically^ the C=N bond is stabilized by 
reduction with soditun borohydride or sodium 
cyanoborohydride, as represented by the following 

35 reaction: 



BHjCN' 

R-CH=N-R' > R-CHj-NH-R' 
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Stabilization of the C=N bond may also be achieved 
through the attachment of an aryl(s) to the imine carbon 
or nitrogen, or if a hydr xyl or second nitrogen is 
bonded to the imine nitrogen. 
5 Schiff base linkages have been used for conjugation 

of glycoproteins in general, and for conjugation of 
immunoglobulins in particular. In a typical reaction 
scheme, oligosaccharide moieties present on an 
immunoglobulin molecule are oxidized to form one or more 
10 aldehyde groups. The resultant immunoglobulin 

aldehyde (s) is reacted with a primary amine to form a 
Schiff base, which is then stabilized by reduction. 

A prototypical Schiff base conjugation procedure (as 
described eibove) suffers from nximerous disadvantages. 
15 First, the immunoglobulin (glycoprotein) molecule is 

subjected to harsh oxidizing conditions in order to 
generate free aldehyde groups. This harsh oxidation may 
impair the biological activity of the immunoglobulin 
molecule, especially in instances where complete 
20 oxidation of all carbohydrate residues is desired. 

Second, stabilization of the Schiff base conjugate is 
accomplished through exposure of the conjugate to a harsh 
reducing agent, which also may adversely affect the 
biological function of the immunoglobulin moiety. Third, 
25 the number of substituents that may be conjugated by 

Schiff base linkage to immunoglobulin aldehyde groups is 
limited by the nximber of carbohydrate moieties present on 
a particular immxinoglobulin molecule. For instance, the 
eunount of carbohydrate present on an immunoglobulin 
molecule may vary between 2-3% for IgG and 9-12% for IgM, 
IgD and IgE (I.M. Roitt et al,, ••Immunology", Gower 
Medical Publishing Ltd,, 1985, p. 5.2)- 

Alternatively, sm aldehyde generated on an 
immunoglobulin molecule may be reacted with a hydrazide 



30 
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to form a hydrazone, according to the f pillowing reaction 
scheme: y,^'^)?^^ ~ 

Ab-CHO + HjNNHC-R* — > Ab-CH=NNC-R* 
5 ^ 

Hydrazones are more stable than Schiff bases formed by 
the reaction of an aldehyde and a primary amine, and thus 
do not require reduction after formation of the linking 
bond. However, this reaction scheme suffers from several 
10 disadvantages: (1) the immunoglobulin must still be 

oxidized to generate free aldehyde groups; and (2) the 
degree of conjugation is limited by the number of 
carbohydrate moieties present on the immunoglobulin 
molecule. 

SUMMARY OF THE INVENTION 

The present invention provides targeting substance 
conjugates covalently bonded to one or more diagnostic or 
therapeutic agents through improved Schiff base linkages. 

2 0 Oxidation/reduction of the targeting substance component 

is eliminated, and the number of attached agents per 
targeting substance may be increased. In addition, a 
variety of targeting substance substituents may be used 
to produce a stable Schiff base-linked conjugate of the 

25 claimed invention. While the disclosed Schiff base 

linkages provide a certain degree of conjugate stability, 
the linkages are cleavable and may advantageously permit 
release of attached agent at a target site. 

Another aspect of the invention includes targeting 

30 substance - diagnostic/ therapeutic agent conjugates 

joined by an aromatic, heterobifunctional Schiff base 
linker. These aryl-substituted Schiff base linkages also 

pf'ovXae xiiwjrc5cia>«su Cwiiju^cii*^ Swc&a^^^^wj^ • jum.m. 

embodiment, the aryl-substituted Schiff base linkage is 
35 formed between the targeting substance and the linker. 
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In a second embodiment, the aryl -substituted Schiff base 
linkage is formed between the agent and the linker. The 
latter linker may further provide enhanced target cell 
retention of the conjugate. 

5 

nTTTATT.Pn mr< 3CRIPTION OF THE INVENTION 

Prior to setting forth the invention, it may be 
helpful to set forth definitions of certain terms to be 
used within the disclosure. 
10 Schiff base linkage ; A chemical bond represented by 

R-CH=NH-R« . 

Stabilized Schiff base linkage : A chemical bond 
represented by R-CH=NNHCOR* (hydrazone) . 

Conventional Schiff base linkage : A Schiff base 
15 linkage formed by reaction of an aldehyde or ketone group 

present on a targeting substance with a nucleophilic 
primary amine or hydrazide present on a diagnostic or 
therapeutic agent. 

Unigue Schiff base linkage: A Schiff base linkage 
20 formed by reaction of: (1) an endogenous or chemically 

added primary amine or hydrazide present on a targeting 
substance with (2) an endogenous or chemically added 
aldehyde or ketone present on a diagnostic or therapeutic 
agent. 

25 Targeting substance : A moiety that binds to a 

defined population of cells. For instance, "targeting 
substance" includes targeting proteins and peptides 
capable of binding receptors, enzymatic substrates, 
antigenic determinants, or other binding sites present on 

30 a target cell population. As used herein, "targeting 

substance" also Includes non-proteinaceous moieties. 

Conjugate : A hybrid molecule wherein the components 
are joined by one or more covalent chemical linkages. 

Targeting substance conjugate ; A conjugate wherein 

35 one component is a targeting substance, and more 
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preferably^ is an antibody (i.e., an immunoconjugate) , 
Typically, the second component of a targeting substance 
conjugate is a therapeutic agent (i.e., a drug, a toxin 
or a radionuclide) or a diagnostic agent (i.e., a 
radionuclide) . "Targeting siibstance conjugate" includes 
both targeting substance-agent conjugates and targeting 
substance-carrier-agent con j ugates . 



10 



15 



20 



A first aspect of the present invention describes a 
conjugate of a targeting substance and a diagnostic or 
therapeutic agent covalently joined through one or more 
stabilized Schiff base linkages. 

In a first aspect of the claimed invention, a 
targeting substance conjugate is joined through a. 
stabilized unique Schiff base linkage, as represented 
below: 

:i 

O .,H 

(Ll)„ - C7;n-N = C 
•1 



TS - 



- agent 



25 



30 



35 



Wherein "TS" is a targeting substance (such as a 
targeting protein, peptide, polypeptide, 
glycoprotein, carbohydrate- free protein; a 
targeting substance-carrier; or a targeting 
substance-chelator) ; 

"LI" and "L2" are heterobifunctional linkers 
having a hydrazide or aldehyde/ketone active 
group at one end of the linker in its unreacted 
state ; 

"n** and "n*" are 0 or 1; 

"R" is H; an alkyl, aryl, or alicyclic 
substituent; and 

"agent" is a diagnostic or therapeutic agent 
useful for in vivo applications, or a chelating 
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agent capable of binding small diagnostic or 
therapeutic molecules. 
The bracketed portion of the targeting substance 
conjugate represents the stabilized Schiff base linkage 
5 that results from reaction of linker hydrazide and linker 

aldehyde/ketone . 

Preferred targeting substances useful within the 
present invention include antibody and antibody 
fragments; peptides, such as bombesin, gastr in-releasing 

10 peptide, RGD peptide, substance P, neuromedin-B, 

neuromedin-C, and metenkephalin; and hormones, such as 
EGF, a- and B-TGF, estradiol, neurotensin, melanocyte 
stimulating hormone, follicle stimulating hormone, 
luteinizing hormone, and human growth hormone* Biotin, 

15 avidin, proteins corresponding to known cell surface 

receptors (including low density lipoproteins, 
transferrin, insulin and CD^) , fibrinolytic enzymes, and 
biological response modifiers (including interleukin, 
interferon,, erythropoietin and colony-stimulating factor) 

20 are also preferred targeting stibstances. Analogs of the 

above-listed targeting substances that retain the 
capacity to bind to a defined target cell population may 
also be used within the claimed invention. In addition, 
synthetic targeting substances may be designed by peptide 

25 synthetic or recombinant DNA technic[ues« 

Exemplary cytotoxic agents include toxins and drugs. 
Several of the native toxins useful within the present 
invention consist of an A and a B chain. The A chain is 
the cytotoxic portion and the B chain is the receptor- 

30 binding portion of the intact toxin molecule (holotoxin) • 

Because toxin B chain may mediate non-target cell 
binding, it is often advantageous to conjugate only the 
toxin A chain to a targeting substance. However, while 
elimination of the toxin B chain decreases non-specific 

35 cytotoxicity, it also generally leads to decreased 
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potency of the toxin A chain-targeting substance 
conjugate, as compared to the corresponding holotoxin- 
targeting substance c njugate. 

One possible explanation for the decreased potency 
5 of A chain-targeting substance conjugates is that B chain 

is required for translocation of the A chain across 
endosomic membranes into the target cell cytoplasm. In 
the absence of translocation, the targeting substance 
conjugate remains in the interior of an endosome, and is 

10 ultimately transported to a lysosome. Within the 

lysosome, the targeting substance conjugate is degraded, 
and thus the A chain cytotoxic agent fails to reach its 
cytoplasmic target site. The decreased potency 

associated with toxin A chain-targeting substance 

15 conjugates also accompanies the use of ribosomal 

inactivating protein-targeting substance conjugates. 
Ribosomal inactivating proteins (RIPs) are naturally 
occurring protein synthesis inhibitors that lack 
translocating and cell-binding ability. 

20 Within the present invention, preferred toxins 

include holotoxins, such as abrin, ricin, modeccin, 
Pseudomonas exotoxin A, Diphtheria toxin, pertussis toxin 
and Shiga toxin; and A chain or "A chain-like" molecules, 
such as ricin A chain, abrin A chain, modeccin A chain, 

25 the enzymatic portion of Pseudomonas exotoxin A, 

Diphtheria toxin A chain, the enzymatic portion of 
pertussis toxin, the enzymatic portion of Shiga toxin, 
gelonin, pokeweed antiviral protein, sapor in, tritin, 
barley toxin and snake venom peptides. 

30 Exemplary drugs include daunomycin, adriamycin, 

vinblastine, doxorubicin, bleomycin, methotrexate, 5- 
f luorouracil , 6-thioguanine, cytarabine, cyclophosphamide 
and similar conventional chemotherapeutics as described 
in Cancer; Principles and Practice of Oncolocrv . 2d ed. , 

35 V.T. DeVita, Jr., S. Hellman, S.A. Rosenberg, J.B. 
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Lippinc tt Co,, Philadelphia, PA, 1985, Chapter 14. Yet 
another preferred drug within the present invention 
belongs to the trichothecene family, with verrucarin A 
particularly preferred. Experimental drugs may also be 
5 suitable for use within the present invention ( see, e.g. . 

NOT Investiga tional Drugs. Pharmaceutical Data 1987 , NIH 
Publication No. 88-2141, Revised November 1987). 

Conjugates of targeting substances and cytotoxic 
agents joined through non-stabilized unique Schiff base 
10 linkages have been described (Sela et al., U.S. Patent 

Nos. 4,093,607 and 4,263,279). Such unique Schiff base 
conjugates may be represented by the following formula: 

Protein-NH=CH-cytotoxic agent 

15 

which upon reduction yields: 



Protein-NH-CHj-cytotoxic agent. 

A stabilized unique Schiff base-linked targeting 
substance conjugate of the present invention, as 
described above, provides certain advantages as compared 
to previously described non-stabilized, reduced unique 
Schiff base conjugates: 

(1) Various substituents of the targeting substance 
may be used to produce a stabilized unique Schiff base- 
linked conjugate of the claimed invention. For instance, 
a native disulfide bond within the targeting substance 
may be used to generate a free sulfhydryl, which in turn 
reacts with a maleimide end of a heterobifxinctional 
linker having a hydrazide or aldehyde group present at 
the other end of the linker molecule. If the targeting 
substance does not possess a native disulfide b nd, 
lysine residues may be used to introduce free sulfhydryl 
groups into the targeting sxibstance through reacti n with 
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iminothiolane* Alternatively, targeting substance 

lysines may be linked to a heterobi functional reagent 
having a free hydrazide or aldehyde group available for 
conjugation with an active agent* In yet another 
5 embodiment of the invention, targeting substance 

carboxylic acid groups may be reacted with hydrazine to 
form a targeting substance hydrazide* Thus, either 
sulfhydryls, lysines or carboxylic acid groups of a 
targeting substance may be used for production of unique 
10 Schiff base-linked targeting substance conjugates 

described herein. 

In contrast, a non-stabilized unique Schiff base 
linkage according to Sela et al, requires binding of 
periodate-oxidized drug to free amino groups of protein 
15 to form a non-stabilized imine linkage, which must be 

stabilized by borohydride reduction. 

(2) Formation of a stabilized unique Schiff base 
(hydrazone) linkage according to the present invention 
does not recjuire reduction of the resultant conjugate for 
20 stabilization. The non-stabilized unique Schiff base 

(imine) conjugate schematically represented above must be 
reduced with sodium borohydride or sodivim cyanoboro- 
hydride for stabilization of the imine bond. Reduction 
of the imine bond to an amine bond makes the linkage non- 
25 cleavable under biologic conditions. In addition to 
reduction of the imine bond to an amine bond, exposure 
to borohydride or cyanoborohydride may also reduce 
disulfide bonds and amide linkages, and produce other as 
yet unidentified deleterious effects on the protein or 
3 0 diagnostic/ therapeutic agent component of the conjugate. 

In one embodiment of this aspect of the invention, 
i\7sino rri-oiir»« of" tarcretina substance f whether havina or 
lacking endogenous carbohydrate residues) are treated 
35 with a reagent (for instamce, iminothiolane) that adds 
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free sulfhydryl groups to the targeting substance. The 
sulfhydryl-derivatized targeting substance (TS-SH) is 
then reacted with a heterobifunctional linker having a 
maleimide reactive group. 

An exemplary heterobifunctional linker in this 
regard has a maleimide reactive group at one end and a 
hydrazide reactive group at the other end. One example 
of a heterobifunctional linker useful in this regard is: 




Alternatively, the maleimide group of the described 
heterobifunctional linker may be reacted with native 
sulfhydryl groups on the targeting substance. Native 
sulfhydryls may be generated from targeting substance 
disulfide bonds through exposure of the targeting 
substance to a reducing agent, such as dithiothreitol . 

The free hydrazide group of the targeting substance- 
linker molecule may then be reacted with aldehyde or 
ketone groups of a diagnostic or therapeutic agent. One 
technique through which aldehyde or ketone groups may be 
generated on a diagnostic/therapeutic agent is oxidation 
of oligosaccharides (in the case of a carbohydrate- 
containing agent) . With certain diagnostic/therapeutic 
agents, oxidation of the agent may provide additional in 
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10 



15 



20 



25 



30 



vivo benefits. For instance^ oxidation of ricin A chain 
decreases delivery of ricin A to the mammalian liver. 

A method for generating aldehyde/ketone groups on a 
non-carbohydrate-containing agent involves oxidation of 
methyl groups or primary hydroxyl groups to form 
aldehydes, or oxidation of secondary hydroxyl groups to 
form ketones. For example, the secondary hydroxyl group 
at the 2* position of the macrocyclic ring of verrucarin 
A may be oxidized to a ketone. Reaction of the targeting 
substance-linker and oxidized agent may be represented by 
the following scheme: 



Alternatively, an aldehyde group may be introduced 
into a non-carbohydrate-containing diagnostic or 
therapeutic agent through use of a heterobifunctional 
linker having a free reactive aldehyde at one end. An 
example of a heterobifunctional linker useful in this 
regard is : o 



0 

which may be obtained by the following reaction scheme: 



The maleimide group of this heterobifunctional 
linker reacts with native sulfhydryl groups on the 
diagnostic or therapeutic agent (generated through 
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treatanent: with a reducing agent) or with a sulfhydryl- 
derivatized agent ( iminothiolane-gen rated sulfhydryls 
from native lysines of the agent) . 

The free hydrazide group of the targeting substance- 
5 linker molecule is then reacted with the aldehyde group 

of the agent-linker molecule, forming a stabilized unique 
Schiff base-linked targeting siibstance conjugate. This 
reaction is schematically illustrated below: 

10 H H O O 

/ / // // 

Agent-L2-q^ + H2N-N-C-LI-TS — > Agent-L2-C=N-NH-C-Ll-TS 

O 

Another heterobi functional linker useful in this 
15 regard has a free reactive aldehyde at one end and an N- 

hydroxysuccinimide ester at the other end. An exemplary 
linker in this regard includes: 



20 



H 00c - (CrtO^— Q>-<° > 



30 

Iiysines of the diagnostic or therapeutic agent react 
with the N-hydroxysuccinimide ester of the linker 
molecule. The free hydrazide group of the targeting 
substance is then reacted with the aldehyde group of the 
35 agent-linker molecule, as described above. 



3 
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In a second embodiment of the present invention, a 
targeting substance is react d with a heterobifunctional 
linker having a maleimide reactive group at one end and 
an aldehyde reactive group at the other end. An ex2uaple 
5 of a heterobifunctional linker useful in this regard has 

been provided above* The maleimide group of the linker 
reacts with sulfhydryl groups of a targeting substance 
(generated as described above) . 

A diagnostic or therapeutic agent is converted into 

10 an agent-hydrazi^de through reaction with a maleimide- 

hydrazide heterobifunctional linker (as described 
previously) . The free aldehyde group of the targeting 
substance- linker is then reacted with the diagnostic/ 
therapeutic agent-linker hydrazide, yielding a targeting 

15 substance conjugate according to the following scheme: 



20 



OHO .H .p 

H 



TS-Ll-C^ + H2N-N-C-L2 -agent — > TS-L1-C=N-NH-C-L2 -agent 



The second embodiment also includes oxidation of a 
polysaccharide carrier, such as dextran, to provide 
several free aldehyde groups. Diagnostic or therapeutic 
agents that have been converted to agent-hydrazide are 

25 then reacted with free aldehyde present on the oxidized 

carrier molecule, thereby forming a stabilized Schiff 
base-linked carrier-agent conjugate. The carrier-agent 
conjugate is then covalently attached to a targeting 
substance, for instance by SMCC linkage to targeting 

30 substance sulfhydryls. Alternatively, an amino-form of 

dextran is first derivatized with SMCC, then subjected to 
limited oxidation to generate free aldehyde groups. The 
oxidized SMCC-dextran is st^sequently reacted with agent- 
hydrazide, then covalently attached to targeting 

35 substance sulfhydryls. By limiting oxidation of dextran. 



% 
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unoxidized sugars remaining on the dextran molecule will 
serve to increase solubility of the targeting substance- 
carrier-agent conjugate. In some instances, it may be 
preferable to react oxidized SMCC-dextran with targeting 
5 substance-hydrazide and agent sulfhydryls. 

In a third embodiment of the first aspect of the 
present invention, carboxylic acid groups of a targeting 
substance are directly derivatized with hydrazine in the 
presence of carbodiimide to form a targeting sxibstance 

10 hydrazide. The targeting substance hydrazide is then 

covalently attached through a stabilized unique Schiff 
base linkage to an aldehyde or ketone group present on a 
diagnostic or therapeutic agent. The following reaction 
scheme illustrates production of the resultant stabilized 

15 unique Schiff base-linked targeting substance conjugate: 

carbodiimide o H 

TS-C^ + H2N-NH2 > TS-C-N-NH2 

OH 

20 

OH O O H R 

« « « // / / 

TS-C-N-NHj + R-C-L2-agent — > TS-C-N-N=C 

L2 -agent 

25 A variety of carbodiimides may be used as catalysts 

in the ed3ove reaction scheme, but l-ethyl-3(3- 
dimethylaminopropyl) carbodiimide is a particularly 
preferred carbodiimide. 

As depicted in the above reaction scheme, an 

30 aldehyde group may be introduced into either a 

carbohydrate- or non-carbohydrate-containing diagnostic 
or therapeutic agent through use of a heterobi functional 
linker having a free reactive aldehyde at one end. In 
this illustrative example, L2 is present (n=l) . 

35 Alternatively, aldehyde or ketone group (s) on the 
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diagnostic/therapeutic agent may be obtained directly by 
oxidation of oligosaccharides (in the case of a 
carbohydrate-containing agent) or oxidation of methyl or 
secondary hydroxy 1 groups. When oxidation is used to 
5 generate aldehyde/ketone groups on the agent, L2 is not 

present (n=0) . 

Crossl inking of targeting substance during reaction 
with hydrazine is minimized by maintaining the 
concentration of targeting substance at approximately 2 

10 mg/ml, and by using an excess of hydrazine reactant, 

A comparison of the Schif f base-linked conjugates of 
the first aspect of the claimed invention and known 
Schif f base-linked conjugates highlights the following 
advantages provided by the conjugates described herein: 

15 (1) Neither the targeting substance nor the diagnostic or 

therapeutic agent need contain endogenous carbohydrate 
residues. (2) If the targeting substance and/or the 
diagnostic or therapeutic agent component of the 
conjugate contains endogenous carbohydrate, the 

20 carbohydrate moiety need not be subjected to oxidizing 

conditions in order to generate a Schiff base-linked 
conjugate. This is in contrast to previously described 
Schiff base-linked conjugates, which require generation 
of oxidized carbohydrate moieties. (3) Either 

25 sulfhydryl, €-amino or carboxylic acid groups of the 

targeting substance may be derivatized in readiness for 
unique Schiff base-linkage of the agent. (4) In contrast 
to previously described Schiff base-linked conjugates 
which require oxidized oligosaccharide moieties, the 

30 degree of conjugation of the targeting substance or 

diagnostic or therapeutic agent of the present invention 
may be controlled (for instance, through the amount of 
hydrazide or linker stibstituted onto the targeting 
sxibstance and/or agent components) . Where Schiff base- 

35 linked conjugates are obtained using oxidized 
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oligosaccharides, the degree of conjugati n is directly 
related to the amoxint of carbohydrate natively associated 
with targeting substance or diagnostic or therapeutic 
agent, as well as the degree of oligosaccharide 
5 oxidation • (5) Stabilized Schiff base conjugates of the 

claimed invention need not be subjected to reducing 
conditions in order to stabilize the imine bond. (6) An 
increased number of diagnostic or therapeutic agents may 
be attached to targeting substance using the stabilized 
10 unique Schiff base linkages described herein. 



A second aspect of the present invention involves a 
targeting siibstance - diagnostic/therapeutic agent 
conjugate joined through a heterobifunctional, aromatic 
15 Schiff base linker. In a first embodiment of this aspect 

of the invention, a targeting s\ibstance conjugate has the 
following formula: 

R 

Targeting substance -N=C-Ar-Z 

20 

wherein "Ar" is a substituted or unsubstituted aryl 
group derived from an aromatic aldehyde or 
ketone having the formula R-CO-Ar; 
"N" is a nitrogen atom contributed by the 
25 targeting substance; 

"C" is a carbon atom contributed by the 
aromatic aldehyde or ketone; 

"R" is H or an alkyl, aryl or heteroaryl 
substituent contributed by the aromatic 
30 aldehyde or ketone; and 

"Z** is a diagnostic or therapeutic agent 
attached either directly or indirectly to Ar. 



35 



Preferred Ar groups in this regard include 
monocyclic aromatic rings, annulated ar matic rings. 
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carbocyclic aromatic rings and heterocyclic ring systems. 
Particularly preferred Ar groups include substituted and 
unsiibstituted benzene, furan, pyrrole, thiophene, 
pyridine, oxazole, imidazole, thiazole and annulated 
5 derivatives thereof. A preferred annulated Ar contains 

2 to 5 rings. 

According to this aspect of the claimed invention, 
aromatic aldehydes or aromatic ketones are designed and 
synthesized to act as reversible, acid cleavable linkers 

10 useful for controlled release of a diagnostic or 

therapeutic agent from a targeting substance- 
diagnostic/ therapeutic agent conjugate. It is 
contemplated that the stability of the Schiff base 
(imine) linkage depicted above may be modified by 

15 altering the electron-withdrawing or electron-donating 

nature of the linker aromatic ring. 

Previously, procedures for Schiff base conjugation 
of a protein and a carbonyl compound required a final 
reductive step (reductive amination) for stabilization of 

20 the resultant imine linkage. Alternatively, in the case 

of QE-hydroxy aldehydes (such as glyceraldehyde) or 
glucose, the Schiff base would undergo rearrangement to 
achieve a more stable product (Amadori rearrangement) . 

In contrast to previously described Schiff base 

25 linkages between protein and an aldehyde or ketone 

compound, the claimed targeting substance conjugate does 
not require stabilization of the Schiff base linkage 
(either through reduction or rearrangement) • Instead, 
xinreduced imine bond stability is achieved by altering 

3 0 the electron-withdrawing or electron-donating character- 

istics of the linker aromatic ring substituents • For 
instance, substitution of ortho-hydroxy groups and/or 
electron-donating groups on the aromatic ring of the 
Schiff base linker would increase the lability of the 

35 imine bond linkage to acidic conditions. Electron- 
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withdrawing substituents on the aromatic ring of the 
Schif f base linker would stabilize the imine bond linkage 
to acidic conditions. 

Preferred electron-donating groups in this regard 
include 0\ S' , UR*^, NKR' , NH^, NHCOR* , OR» , OH, OCOR' , 
SR* , SH, Br, I, CI, F and R» . Preferred electron- 
withdrawing groups in this regard include NOj, CN, CO2H, 
CO^R', CONH2, CONHR', CONR«2, CHO, COR', SO^R* , S020R- and 
NO. Within the electron-donating and electron- 

withdrawing groups, R« may be H; a substituted or 
unsubstituted alkyl, aryl or heteroaryl group; a 
substituent that increases water solubility of the 
linker; or a substituent that fxirther affects the 
stability of the resultant Schif f base linkage. 
15 Within the second aspect of the invention, "2" 

indicates a diagnostic or therapeutic agent that is 
either directly or indirectly attached to Ar. Preferred 
Z substituents include a directly-linked radionuclide; 
a functional group suitable for linking a cytotoxic 
agent; a chelating ligand capable of binding a 
radiometal; and an organometallic substituent, such as 
s^ryltin, that is susceptible to replacement by a 
radiohalogen • 

The Ar group of the linker may be derivatized with 
25 a Z substituent prior to covalent linkage of a targeting 

substance amine group and an aldehyde or ketone moiety 
present on Ar (generating a unique Schif f base linkage) . 
If Z is a functional group suitable for linking a 
cytotoxic agent, a chelating ligand capable of binding a 
radiometal, or an organometallic substituent, the Z 
substituent may be reacted with a cytotoxic agent, a 
radiometal or a radiohalogen subsequent to conjugation of 
Ar-Z and a targeting subst2uice« 

Alternatively, the Z substituent of the aromatic 
35 linker of the sec nd aspect of the invention may be first 



20 



30 
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reacted with a cytotoxic agent, a radiometal or a 
radiohalog n, thereby forming an R-CO-Ar-[Z]^ 
diagnostic/therapeutic agent compound. "[Z]" indicates 
that the prereaction Z substituent may or may not remain 
5 after reaction of Z with the diagnostic or therapeutic 

agent . The R-CO-Ar- [ Z ] -diagnostic/ therapeutic agent 
compound is then conjugated with a targeting substance 
via a Schiff base linkage formed between the R-CO-Ar 
group of the linker and a targeting substance amine 

10 group* 

Preferred ' Z functional groups include activated 
esters (which react with amino groups) , maleimides (which 
bind to sulfhydryl groups) and haloacetamides (which also 
bind to sulfhydryl groups) . In a particularly preferred 

15 eiobodiment, Z is an N-hydroxysuccinimide ester, which 

possesses electron-withdrawing properties that increase 
the acid stability of the Schiff base linkage between the 
targeting substance and the Ar group. In another 
particularly preferred embodiment, Z is a broraoacetamide 

20 group, which has electron-donating characteristics that 

decrease the acid stability of the Schiff base linkage of 
the conjugate. 

Exemplary bifunctional linkers and their 
corresponding synthetic routes are shown below: 

25 Formula: 

ych'^ -s— yo-^b ^ 



30 
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Preferred Z chelat:ing llgands include radionuclide 
metal chelates as described in Fritzberg, EP 188,256. 
Particularly preferred chelates in this regard have a 
free NH^ group cap€a3le of reaction with 2 when 2 is an 
5 activated ester or have an available maleimide group 

capable of reaction with 2 when 2 is a sulfhydryl. Yet 
another preferred 2 is an aryltin group, as described in 
Wilbur et al, EP 203,764, with tributyltin particularly 
preferred, Radiohalogens may then be attached to linker 

10 substituent Ar by halo-destannylation. 

2 may also represent a radionuclide directly 
attached to the Ar linker substituent, with ^^I p- 
iodobenzaldehyde a particularly preferred Ar-2 compound. 
Appropriately substituted aromatic compounds that have 

15 been directly radioiodinated by addition of electrophilic 

iodine are also preferred Ar-2 compounds • For instance,, 
the hydroxy group of o-vanillin activates an Ar ring for 
electrophilic attack by a radiohalogen (i.e., iodine). 
O-vanillin offers the further advantage of regioselective 

20 radiohalogenation, since both Ar ring positions ortho to 

the activating hydroxy group are occupied (see formula 
below) • 

MAb 

SO H^O H^N ^ 

f jfl'^ MA1>NH2 j^"" 

"^OCHa chlorainineT n^'^^OCHa pH 9 l^'^^OCHa 

o-vanSItn SctiatBase 

Preferred diagnostic and therapeutic radionuclides 
30 that may be either directly or indirectly attached to Ar 

include gamma-emitters, positron-emitters. Auger 
electron-emitters , X-ray emitters and fluorescence- 
emitters, with beta- or alpha-emitters preferred 
therapeutic agents. Radionuclides are well-known in the 
35 art and include '^T, '^T. ^^I, ^^I, '^^X, ^^Sc, ^As, 
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^Se, '^Y, "y, '^Ru, '°°Pd, "I'-Rh, '"Sb, '»Ba, "^Hg, ^n^^^ 
^'^Bi, 2i2pb, io9p^^ iiiin^ ^r^a, "Ga, '^Cu, ^Br, ^*Br, ^Br, 
'^^c, "c, "n, "o and "p. Preferred therapeutic 
radionuclides include '^e, '**Re, ^""Pb, ^"pb, ^"Bi, ^"'Pd, 
5 ^Cu, *^Cu, '°Y, "'l, ^Br, ^n^t, '^Ru, '^mx, '^Au and 

Intracellular release of a cytotoxic agent, a 
chelating ligand plus agent or a radionuclide from a 
targeting substance conjugate may be desirable in many 

10 instances. In this regard, the claimed diagnostic or 

therapeutic targeting substance conjugates provide serum 
stability during delivery of the conjugate to an 
appropriate target cell. Upon internalization of the 
conjugate into target cell endosomes, the attached 

15 cytotoxic agent or radionuclide is released in the low pH 

environment, which in turn may facilitate translocation 
of the diagnostic or therapeutic agent or radionuclide 
from the target cell endosome into the cytoplasm. In the 
case of certain proteinaceous agents, translocation into 

2 0 the cytoplasm would allow the agent to escape degradation 

in target cell lysosomes. 

Some proportion of administered targeting substance 
conjugate will bind to normal cells of the mammalian 
recipient. Typically, if antibody is conjugated to a 

25 radiometal using non-cleavable bifunctional linkers, 

accumulation of significant amounts of radionuclide in 
normal tissues (i.e., liver and bone marrow) by receptor- 
mediated endocytosis is observed. 

In contrast, the conjugate of the second aspect of 

30 the invention provides a reversible (acid-cleavable) 

attachment of the diagnostic/therapeutic agent to a 
targeting siibstance. The claimed conjugate might provide 
reduced accxmaulation of the radionuclide in normal 
tissues, through release of the covalently attached 

35 radiometal into the acidic environment of the normal cell 
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endos me/lysosome. As a result, the diagnostic/ 
therapeutic agent (with or without chelator) may be 
subject to accelerated metabolism and excretion by the 
normal cell. When the agent is shunted out of the normal 
cell, it is returned to the bloodstream and rapidly 
excreted by the kidney, rather than accumulating in 
normal tissues • 

In a second embodiment of the second aspect of the 
claimed invention, a targeting substance - diagnostic/ 
therapeutic agent conjugate joined by a Schiff base 
linkage may be synthesized according to the following 
reaction scheme: 

R 

X-Ar-COR + (NHj) agent -> X-Ar-C=N-agent + targeting 

substance 



R 

targeting substance-X-Ar-C=N-agent 

20 

wherein "X" is (CHg)^ - Y, where n = 0-6, Y = active 
ester, isothiocyanate or maleimide, and X is 
substituted at the 3 and/or 5 position of Ar; 

25 "Ar" is aryl substituted with electron-donating 

and/or electron-withdrawing groups at the 2, 4 
and/or 6 position; 



"R" is H or an alkyl, aryl or heteroaryl 
substituent contributed by the aromatic 
aldehyde or ketone; and 

"agent" is an amino-containing diagnostic or 
therapeutic agent; an amino-containing chelator 
for a diagnostic or therapeutic agent; or an 
amino-containing aromatic organometallic. 
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In this second embodiment the resultant Schif f base 
linkage is formed between a diagnostic or therapeutic 
agent amine and a heterobi functional , aromatic linker. 
5 This is in contrast to the Schif f base linkage of the 

first embodiment, which is formed between a targeting 
substance amine and a heterobifunctional, aromatic 
linker. 

The effect of Ar substituents on the formation of 

10 Schif f base linkages and on conjugation to a targeting 

substance should be negligible. However, the rate of 
hydrolysis of the diagnostic or therapeutic agent from 
the targeting substance conjugate may be influenced by Ar 
substituents. For instance, the presence of electron- 

15 donating groups at positions 2, 4, and/ or 6 of Ar will 

enhance release of the agent from the conjugate under 
acidic conditions; the presence of electron-withdrawing 
groups at positions 2, 4 and/or 6 of Ar will retard or 
inhibit the release of the agent from the targeting 

20 substance conjugate. 

Preferred electron-donating groups in this regard 
include O' , S*, HR'^, NHR* , NHj, NHCOR* , OR*, OH, OCOR' , 
SR* , SH, Br, I, Cl, F and R* . Preferred electron- 
withdrawing groups in this regard include NOj, CN, COjH, 

25 COjR', CONHj, CONHR* , CONR'j/ CHO, COR* , SO2R ' , SOjOR* and 

NO. Within the electron-donating and electron- 

withdrawing groups, R" may be H; a substituted or 
unsubstituted alkyl, aryl or heteroaryl group; a 
substituent that increases water solubility of the 

30 linker; or a substituent that further enhances the 

stability of the resultant Schif f base linkage. 

In this embodiment, the targeting substance 
conjugate is serum stable, but upon binding at a target 
cell surface may undergo gradual hydrolysis, releasing 

35 the attached agent. Alternatively, the targeting 
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substance conjugate may be susceptible to thiol addition 
to the imine {C=N) b nd, wherein the sulfur atom is 
provided by a disul fide-containing protein of the plasma 
membrane. Thiol addition to the C=N bond of the 
conjugate would result in hemithioaminal formation 
(depicted below) . 



CH 

Targeting substance-X-Ar-C 



agent-NH 




Any effect of Ar substituents 

15 conjugate imine bond with cell surface sulfhydryl groups 

would be negligible. 

Optimal in vivo diagnostic or therapeutic efficacy 
of targeting substance conjugates may involve three 
levels of con jugate- target cell membrane interaction: (1) 

20 binding of the conjugate to the cell surface membrane; 

(2) internalization of the conjugate into target cell 
endosomic vesicles; and (3) translocation of the 
conjugate from endosomic vesicles into the target cell 
cytoplasm. 

25 Upon administration of the targeting substance 

conjugate of this embodiment of the second aspect of the 
invention / formation of a hemithioaminal would increase 
retention of the targeting siibstance conjugate at the 
cell surface through covalent attachment. Increased 

30 retention of the conjugate thus may result in increased 

internalization and translocation of the conjugate, which 
in txim may increase the efficacy of certain diagnostic/ 
therapeutic agents . For radiotherapeut ic con j ugates , 
prolonged target cell retention increases the dose of 

35 radiation delivered to target cells. 



wo 90/03401 



PCT/US89/04267 



- 25 - 



In a tiiird embodiment of tiie second aspect of tiie 
present invention, a targeting substanc is attached to 
a diagnostic or therapeutic agent through use of a 
stabilized Schiff base / hydrazone linker, forming 
targeting substance conjugates as depicted below. 

fofrvxuilCi: 



.CO- 73* 




8 



OH 




CO-TS 




to 



T5-<g) 



HO 





^ NH-CO-(CH2)r^O-AgC*vt- 
OH 



SOa-JIH-TS 



12. 
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10 



15 



2a 



25 



30 



In the above schematics, "TS" is a targeting substance 
and "agent" is a diagnostic or therapeutic agent attached 
either directly or indirectly to the linker component of 
the above-depicted targeting sxibstance conjugates; or a 
chelating agent capable of binding small diagnostic or 
therapeutic molecules, wherein the chelating agent is 
attached either directly or indirectly to the linker 
component depicted above. 

Within this embodiment of the second aspect of the 
invention, the linking compounds serve as acid cleavable, 
heterobifunctional linkers useful for controlled release 
of a diagnostic or therapeutic agent/molecule at a target 
site. Heterobifxinctional linkers may be derived from the 
following compounds: 



Linkers 13 and 14 may be synthesized according to 
the following reaction scheme: 








O 



O 
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CH 




ONHS 



O 



NHS.DCC 



o 



THF 



10 



15 



20 



25 



30 



For linker 13, = H and = CHO; for linker 14, = 
CHO and Rj = H; for linker 15, R, = H and Rj = CH3CO. 
Briefly, the carboxylic acid siibstituent of starting 
compound 13 , 14 or 15 was converted into an N- 
hydroxysuccinimide (NHS) active ester. The NHS ester was 
displaced by gamiaa-amino butyric acid, which was then 
reacted with NHS to produce linkers which are ready for 
targeting substance conjugation. 

More particularly, linkers 13, 14 and 15 were 
synthesized by reacting 1 eq, of starting compound in 50 
ml tetrahydrofuran (THF) with 1 eq. NHS and 1 eq. 
dicyclohexylcarbodiimide (DCC) . After 24 hours, the 
reaction was complete. The mixture was then filtered to 
remove DCU, the filtrate was evaporated and triturated 
three times with ether to yield the NHS ester 
intermediate . 

The NHS ester intermediate was dissolved in 2 5 ml 
dimethoxymethane and added to 25 ml HjO containing 1 eq* 
of gamma-aminobutyric acid (Aldrich) and l eq. NaHC03. 
The reaction was complete in 16 hours. For synthesis of 
linker 14, however, 3 equivalents of gamma-aminobutyric 
acid were used to allow reaction with the aldehyde to 
form an imine. The product was then treated with 6N HCl 
to cleave the imine and yield the desired final product. 
For all three linkers, solvents were removed and the 
res idue taken up in EtOAc and extracted with IN HCl . 
EtOAc was dried using MgSO,, filtered and evaporated to 
produce the desired linkers 13, 14 and 15. 

Compound 16 was reacted with NHS and DCC in a 
similar manner to that described above for compounds 13- 
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15 to form a heterobifxinctional linker 16 suitable for 
use in targeting substance conjugation. Likewise 
compound 17 is converted to the 5'-tosylate 
heterobifxinctional linker 17 by standard techniques that 
5 permit selective reaction at the 5» hydroxyl. 

To summarize the examples that follow. Example T 
describes formation of a stabilized unique Schiff base 
targeting substance (monoclonal antibody) conjugate; 
Example TI discusses a stabilized unique Schiff base 
conjugate of human serum albumin and 16-oxo-verrucarin A. 
Synthesis of a targeting substance conjugate joined 
through an ^^I benzaldehyde derivative linker is shown in 

Example I IX, Production of a targeting substance 

conjugate joined through a siibstituted aromatic aldehyde 
linker is described in Example IV . Acid-cleavable 
hydrazone linkers and corresponding targeting substance 
conjugates are examined in Example V . 

The following examples are offered by way of 
illustration, and not by way of limitation. 

EXAMPIiE I 

Formation of Stabilized Unique Schiff Base 
Targeting Substance Conjugate 

25 

Using T argeting Substance Sulfhvdrvls 

Formation of a targeting protein hydrazide is 
achieved by treating monoclonal antibody (MAb; 5 mg/ml in 
phosphate-buffered sal ine [ PBS ] , pH 8.5) with 10 mM 
30 dithiothreitol (DTT) . The reaction mixture is agitated 

at room temperature for 30 minutes, and the reduced MAb 
is passed through a PD-10 column (Pharmacia, Uppsala, 
Sweden) to remove unreacted DTT. 

The reduced monoclonal antibody is derivatized with 
35 a heterobifxinctional linker of Formula 1. Any targeting 



15 



20 
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subs'tance cont:ainlng one or more na'tive disulfide bonds 
can t:hus be converted to a targeting substance hydrazide. 

The trichothecene therapeutic agent 16-oxo 
verrucarin A is prepared by selenium dioxide oxidation of 
5 verrucarin A. The MAb hydrazide is then reacted with 16- 

oxo verrucarin A at 4C overnight with agitation, thereby 
yielding a unique Schiff base-linked targeting substance 
conjugate having the following structure: 

r 1 

10 I O H I 

I u » 

MAb -L1-C-N-N=CH- agent 
I I 
L J 

B. Using Targeting Substance Lysines 
15 Monoclonal antibody (5 mg/ml in PBS, pH 8.5) is 

treated with iminothiolane (IT) ; the amount of IT offered 
to the MAb preparation will be dependent upon the number 
of free MAb sulfhydryls desired. The reaction of IT with 
targeting substance lysines is schematically represented 
20 as follows: 

H 

MAb - Nl - C - M 

The reaction mixture is agitated at room temperature for 
30 minutes, then passed through a PD-10 column to remove 
unreacted IT. The sulfhydryl-derivatized MAb is then 
reacted with a heterobi functional linker of Formula 1 to 

30 form a MAb hydrazide, as described in Example I .A. 

Ricin A chain is oxidized with 10 mM NalO^, pH 5.5 
at room temperature for 1 hour to generate free aldehyde 
groups from native ricin A oligosaccharide moieties. A 
significant advantage obtained through unique Schiff base 

35 linkage of ricin A aldehyde groups is that oxidation of 
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ricin A decreases the am iint of ricin A non-specif ically 
delivered to the mammalian liver (as compared with non- 
oxidized ricin A) . 

The oxidized ricin A is then reacted with the MAb 
5 hydrazide produced above, yielding a unique Schiff base 

targeting substance conjugate having the following 
formula: 

r 1 

'oh * H 

1 u 1 t I 

10 MAb -L1-C-N-N = C- ricin A 

u J 

Iminothiolane-derivatization may be used to generate 
free sulfhydryls on any lysine-containing protein or 
peptide, A heterobiftinctional linker having a reactive 
15 maleimide on one end and a hydrazide group on the other 

end may then be used to form a proteinaceous hydrazide 
from a lysine-containing protein or peptide (i.e., 
regardless of whether the protein or peptide contains 
native disulfide bonds) . 

20 

C. Usin g Targeting Substance Carboxvlic Acid Groups 
A solution of monoclonal antibody (2 mg/ml in PBS, 
pH 6.5) is reacted with excess hydrazine (1:150) and 1- 
ethyl-3 (3-dimethylaminopropyl) -carbodiimide (1:100) and 

25 agitated for approximately 1 hour at room temperature to 

form a hydrazide of the MAb. Reaction conditions 
(reactant ratios and reaction time) may vary somewhat 
depending upon the monoclonal antibody used. At the end 
of the 1 hour incubation, the monoclonal antibody 

30 hydirazide is passed through a PD-10 column to remove 

iinreacted hydrazine and l-ethyl-3 (3-dimethylamino- 
propyl) -carbodiimide. 

The reaction described directly introduces hydrazine 
onto' the MAb, without the use of a heterobi functional 

35 linker having a reactive hydrazine group. Dimerization 
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(cross linking) of MAb is prevented by maintaining a 
concentration of targeting substance (HAb) of 
approximately 2 mg/ml, and by using a large excess of 
hydrazine reactant. Further, the reaction described may 
5 be used with any targeting substance that contains one or 

more free carboxylic acid groups, whether glycoprotein or 
non-glycoprotein . 



EXAMPLE IT 

10 Formation of Stabilized Unique Schiff Base 

Conjugate of^ Human Serum Albumin and Verrucarin A 



A solution of human serum albiomin (HSA) is reacted 
with l-ethyl-3 (3 -dimethyl -aminop ropy 1) -carbodiimide as 

15 in Example I.e. to form a hydrazide of HSA. These 

reaction conditions favor formation of the hydrazide with 
minimization of HSA crosslinking. The HSA hydrazide is 
then reacted with 16-oxo-verrucarin A, as described in 
Example I , to form a conjugate of HSA and 16-oxo- 

20 verrucarin A that is joined by a stabilized unique Schiff 

base linkage. 

The drug-modified HSA may be used as a slow release 
agent, or alternatively, may serve as a drug carrier 
molecule suitable for conjugation with a targeting 

25 substance. In the latter case, HSA amines may be 

derivatized with succinimidyl-4- (N-maleimidomethyl ) 
cyclohexane-l-carboxylate (SMCC) for linkage to targeting 
substance sulfhydryls. 



30 
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EXAMPLE TXT 

Synthesis of a Targeting Substance Conjugate 
Joined Through a ^I-Benzaldehyde Derivative Linker 



10 



Radiolabeled benzaldehyde linkers demonstrate the 
relationship between aromatic aldehyde ring substituents 
and acid-catalyzed hydrolysis of Schiff base-containing 
radionuclide-targeting substance conjugates. 

Briefly, ^^I-fi-iodobenzaldehyde was prepared as 
follows: 



15 




OH 



Bu3SnSn6u3 
Pd(PPh3y4 




PCC 




NCS 



SnSua 



SnBu3 



MeOH 




20 



25 



30 



35 



The tri-n-butyltin precursor to p-iodobenzaldehyde was 
prepared from commercially available p-bromobenzyl 
alcohol (Aldrich Chemical Co,, Milwaukee, WI) . Treatment 
of the p-bromobenzyl alcohol compound with hexabutylditin 
and PdCPPhj)^ in toluene yielded the desired aryl tin 
compound. The alcohol was oxidized to the corresponding 
aldehyde with pyridinium chlorochromate (PCC) in 
methylene chloride solvent. The product was isolated in 
69% yield after silica gel chromatography (ethyl 
acetate/hexanes) as a pale yellow oil, NMR (CDCI3) S 

0.83 - 1,61 (m, 27H) ; 7.64 (d, J = 8Hz, 2H) ; 7,78 (d, J 
= 8 Hz, 2H2) ; 9.98 (s, IH) ; "c NMR (CDCI3) 6 9.88, 13.82, 
27.54, 29.25, 128.99, 129.59, 136.97, 137.50, 193.61. 

A trace radiol8J3eling was accomplished with NCS/^^I 
to give the desired product, as evidenced by co inject ion 
with a cold standeurd. The reaction conditions for 
labeling were as follows: To a solution of 0.05 mg of 
the benzaldehyde derivative in 0.05 ml of 1% acetic 
acid/MeOH was added approximately 360 /iCi Na^^I and 
0.0019 mg Nal carrier (1 mg/ml MeOH). To this mixture 
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was added 17 /il of NCS (1 mg/ml in MeOH) . After 3 0 
minutes at room tempera tur , 17 ^1 of sodium bisulfite 
solution (0«72 mg/ml in water) was added to quench the 
reaction. The radiochemical yield obtained was 93%. 
5 Upon conjugation of ^^^I-p-iodobenzaldehyde to 

monoclonal antibody NR-ML-OS (11:1 aldehyde: protein) at 
pH 9.0, 58% of the offered radiolabeled aldehyde was 
covalently attached to antibody. 

The radionuclide-monoclonal antibody conjugate was 

10 purified by centrifugation (5,000 RPM, 10 min, room 

temperature) through a 30,000 MW microconcentrator 
(Amicon, Danvers, MA) , yielding a conjugate of 97% purity 
by instant thin layer chromatography (ITLC) . An analysis 
of specific activity of the purified conjugate indicated 

15 that approximately two lysine residues per antibody 

molecule had been modified. 

Radiolabeled 5-iodo-3-methoxysalicylaldehyde and 5- 
iodo-3-methylsalicylaldehyde (below) are prepared by 
radioiodination of o-vanillin and 3-methylsalicyl- 

2G aldehyde, respectively. 



25 



•OCR 



3 'i^v^t, 



Radioiodination of o-vanillin and 3-methylsalicylaldehyde 
should be regioselective , since both positions ortho to 
the hydroxy substituent of the aromatic ring are 
occupied. 

30 The iodinated aromatic aldehydes illustrated above 

should demonstrate decreased acid stability as compared 
to ^^I-p-iodobenzaldehyde, since the ortho-hydroxy 
substituents can protonate a Schiff base linkage via an 
intramolecular mechanism. More particularly, the meta 

35 methoxy group of 5-iodo-3~methoxysalicylaldehyde has 
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slight electron-withdrawing properties that may increase 
the acid stability of the Schiff base linkage; the meta 
methyl group of 3-methylsalicylaldehyde has electron- 
donating characteristics, which should decrease the 
5 stability of the Schiff -base-linked conjugate. 

Conjugates containing radiolabeled 5-iodo-3- 
methoxysalicylaldehyde and 5-iodo-3-methylsalicylaldehyde 
can be characterized as having "stable" conventional 
Schiff base linkages that are cleavable under mildly 
10 acidic conditions (pH 5-6) . 



EXAMPLE IV 

Schiff Base-Linked Targeting Substance Conjugates 
Joined by a Substituted Aromatic Aldehyde Linker 

15 

A stable Schiff base linkage between an amine and an 
aromatic carbonyl compound is formed using adriamycin 
and substituted or xinsubstituted acetophenone or aromatic 
aldehyde. A representative reaction scheme is shown 
20 below: 



25 




HO 



Adrlamydn 

30 

Briefly, formation of a Schiff base linkage is 
accomplished by briefly refluxing equimolar amounts of 
adriamycin and sxibstituted aromatic aldehyde linker, or 
by mixing these reactants in an aprotic solvent in the 
25 presence of a dehydrating agent (for instance, a 

molecular siev ) . if the linker is substituted with a 
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-COOH group ^ the -COOH is converted to an active ester 
after formation of the Schiff base-linked adriamycin- 
linker compound. Alternatively, if the linker is 
substituted with a maleimide group, no further reaction 
5 of the linker prior to reaction with targeting substance 

is necessary. 

The Schiff base-linked adriamycin-1 inker compound is 
conjugated with monoclonal antibody (MAb) (i.e., intact 
MAb, F(ab')2 fragment, F(ab') fragment or Fab fragment). 

10 If the targeting substance-reactive group of the 

adriamycin-1 inker compound is an active ester, the 
reaction with MAb will preferably be done at pH 8-10, If 
the targeting substance reactive group of the adriamycin- 
linker compound is maleimide, the reaction with MAb will 

15 preferably be done at pH 6-7. A range of concentrations 

of adriamycin-1 inker compound and MAb is tested in order 
to determine what concentration of each yields optimal 
immunoreactivity of the resultant targeting substance 
conjugate. The optimal concentration of targeting 

2^0 substance reactant required to achieve maximum conjugate 

immunoreactivity will vary depending on the particular 
targeting substance to be conjugated (i.e., antibody vs. 
hormone; one MAb vs. another MAb) . The resultant 
targeting substance- therapeutic agent conjugate may be 

25 depicted as follows: 

o OH 

.CH^OH 



30 



35 
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A therapeutically effective amovmt of the monoclonal 
antibody-adriamycin Schiff base-linked conjugate is 
administered intravenously to a tiimor-bearing patient. 
Upon binding of the targeting substance-drug conjugate to 
5 an appropriate tumor target cell, thiol groups present at 

the tumor cell membrane surface may add to the C-N Schiff 
base imine bond, producing a hemithioaminal (as depicted 
below) . Alternatively, the Schiff base-linked 

adriamycin-1 inker compound described above may be 
10 conjugated with amine or sulfhydryl groups of a carrier 

molecule (such as HSA) to produce a slow-release 
pharmaceutical . 



20 



25 



CH3 



15 I 

Targeting Substance-X-Ar-C ^v%.n/n^ — I — p Targeting cell 

I \ \ membrane protein 

agent-HN 




Formation of the hemithioaminal increases retention of 
the monoclonal antibody-drug conjugate at the tumor cell 
surface, which in turn may lead to increased tumor cell 
cytotoxicity. 



EXAMPLE V 

Stability of Hydrazone Linkers and 
Corresponding Targeting Substance Conjugates 

30 A, Stability of Acetic Hvdrazone Derivatives 

Hydrazone lixiker serum stability was investigated 
using corresponding acetic hydrazone derivatives of 
linker carbonyl compounds* 
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N-NH-COCH3 

The acetic hydrazone derivatives were incubated at pH 
5 5.6/ pH 7.0, and in the presence of human serum at 37 'C. 

Linker stability was evaluated using reverse phase HPLC. 
Acetic hydrazones of linkers 14, 16 and 17 are stable in 
serum for greater than 96 hours. 



10 



15 



20 




.COOIf 



oil 

The acetic hydrazone of linker 13 exhibited a linear 
25 decomposition over 25 hours to 85% hydra zide and 15% 

aldehyde, at which point no further degradation took 
place. The acetic hydrazone of linker 15 demonstrated 
complete linear degradation to the ketone form over 3 00 
hours, with a t^^ of 130 hours* Thus, linker 15 
30 exhibited sufficient stability to permit tumor 

localization of a corresponding targeting substance 
conjugate. The acetic hydrazone of linker 18 (the 
available sulfonyl fluoride provides linking activity) 
exhibited a serxm stability of t<,^ = 7 days. Based on 
35 results obtained with hydrazones of several other linkers 
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at pH 5,6, the acidic pH envir nment of a tiunor target 
site is predicted to enhance release of linked diagnostic 
or therapeutic agent in the vicinity of the tumor target. 

5 Acetic hydrazone derivatives of linkers 13, 14 and 

15 were tested for stability in acetate buffer at pH 5.6 
by HPLC analysis. The derivative of linker 13 degraded 
to 15-17% aldehyde with no further degradation; the 
derivative of linker 14 was stable over 96 hours; the 

10 derivative of linker 15 displayed linear degradation over 

72 hours, with a t,^ of 36 hours. These results indicate 
that the linkers herein described are stable enough to 
provide delivery of a linked conjugate to a target site, 
but labile enough to permit release of a diagnostic or 

15 therapeutic agent subsequent to target site localization - 

Cleavage of the linker may occur by means of target cell 
mechanisms, such as intracellular pH differences, 
intracellular enzymes or extracellular membrane 
nucleophiles • 

20 

B. NR-LU-10 - 5-Acetvl VA Conjugate 
NR-LU-10 monoclonal antibody (10 mg) was reacted 
with an NHS ester of linker 15 [0.961 mg (40 eq.) in 200 
All DMSO made to 2.0 ml with phosphate buffer, pH 7.4] at 

25 4'C overnight, and the resulting linker-antibody 

conjugate was purified on a PD-10 colimn. UV spectral 
analysis indicated that the conjugate contained 13 
molecules of linker per antibody molecule. 

VA hydrazide was made by reaction of 185 mg (0.375 

30 mmol) verrucarin A in 1 ml dry chloroform with 45 mg (1.2 

eq.) succinic anhydride and a catalytic amount of 4- 
dimethylaminopyridine (4-DHAP) - The reaction mixture was 
refluxed overnight, cooled and diluted to a volume of 3 0 
ml with dichloromethane* The mixture was washed with 5% 

35 HCl, dried over Usl^SO^ and the solvent evaporated. the 
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residue was separated by preparative TLC (Chromatotron: 
silica, 5% methanol in dichloromethane) , yielding 175. mg 
VA hemi succinate* 

Succinoylsuccinimidate of VA was prepared as 
5 follows. N-hydroxysuccinimide (15 mg, Clmiaol, Aldrich, 

recrystallized from ethanol) was dissolved in 2 ml dry 
THF and the solution was cooled in a freezer. Upon 
cooling, 60 mg (0.1 mmol) VA hemisuccinate and 21 mg 
dicyclohexyl-carbodiimide were added and the reaction 

10 mixture was placed in the freezer for an additional 40 

hours. The reaction mixture was filtered, the solvent 
evaporated, the residue triturated with dichloromethane, 
and allowed to stand for another 24 hours. The solution 
was then filtered, the solvent condensed, and the product 

15 separated by preparative TLC (Chromatotron: silica, 1% 

methanol in dichloromethane), yielding 45.9 mg 
succinoylsuccinimidate of VA. 

2 • -Hemisuccinoylhydrazide of VA was prepared as 
follows. Succinoylsuccinimidate of VA (20 mg, 0.0286 

2 0 mmol) was dissolved in 1 ml THF at room temperature, and 

4 ml (0,114 mmol) 95% hydrazine (Aldrich) was added. The 
reaction was stirred for 1 hour under nitrogen atmosphere 
and the mixture was filtered. The filtrate was then 
poured into 5 ml distilled water and extracted with 3 X 

25 10 ml dichloromethane. A yield of 11 mg of tautomeric 

2 '-hemisuccinoylhydrazide of VA ("VA hydrazide") was 
obtained. 

VA hydrazide [0.903 mg (100 eq.) VA in 200 /xl DMSO 
made to 2.0 ml with phosphate buffer] was then added to 

30 the linker-antibody conjugate (1.94 mg) and reacted for 

4 days at 4*C. UV spectral analysis indicated that the 
MAb-linker-VA conjugate contained 4.4 VA molecules per 
antibody molecule. Cytotoxicity assays revealed that the 
MAb-linker-VA conjugate displayed 1 log less cytotoxicity 

35 than VA itself. 



wo 90/03401 



PCr/US89/04267 



10 



- 40 - 

Alternatively, linker 15-NHS ester may be first 
reacted with VA hydrazide, then conjugated to antibody, 
using the same reaction conditions described in the 
previous paragraph. 

C. NR-IiU-10 - S-Formvl-VA Conjugate 
The following conjugate was produced by the same 
reaction conditions described in Section above. 



I 

NH-CO-{CH2;2-CO-0-VA 

UV calculations indicated a linker/ antibody ratio of 
15 * 10.5:1. VA hydrazide was added to the linker-antibody 
conjugate and incubated at room temperature overnight 
with continuous shaking. UV spectral analysis indicated 
that the MAb-linker-VA conjugate contained 6.25 VA 
molecules per antibody molecule. Cytotoxicity assays 
20 revealed that the MAb-linker-VA conjugate displayed 1 log 

less cytotoxicity than VA itself. 

From the foregoing, it will be appreciated that, 
although specific embodiments of the invention have been 
25 described herein for purposes of illustration, various 

modifications may be made without deviating from the 
spirit and scope of the invention. Accordingly, the 
invention is not limited except as by the appended 
claims. 
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WHAT IS CLAIMED IS: 

1. A targeting substance - diagnostic/therapeutic 
agent conjugate covalently joined through a stabilized 
5 unique Schiff base linkage and represented by formula A 

or formula B: 

[A] O H R 

// / / 

Targeting substance- ( LI ) „-C-N-N=C 
10 (L2)^, -agent 



[B] R H O 

^C=N-N-C- (L2 ) ^. -agent 

15 Targeting substance- (LI) 

wherein "TS" is a targeting substance; 

"LI" and "L2" are heterobifxinctional linkers; 
"n" and "n'" are 0 or 1; 
20 "R" is H; an alkyl, aryl, or alicyclic 

substituent ; and 

"agent" is a diagnostic or therapeutic agent 
useful for in vivo applications, or a chelating 
agent capable of binding small diagnostic or 
25 therapeutic molecules. 

2. The targeting substance conjugate of Claim 1 
wherein LI and L2 are selected from the group consisting 
of: 



30 



o _ 



35 
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10 3. A slow release carrier-drug pharmaceutical 

covalently joined through a stabilized unique Schiff base 
linkage and represented by formula A or formula B: 



15 



20 



[A] OH R 

earner- (LI) „-C-N-N=C 

(L2)„, -agent 



[B] R H O 

^C=N-N-C- (L2 ) -agent 
Carrier- (LI) „ 



wherein "LI" and "L2" are heterobifunctional linkers; 
"n" and "n»" are 0 or 1; 
25 "R" is H; an alkyl, aryl, or alicyclic 

substituent ; and 

"agent" is a diagnostic or therapeutic agent 
useful for in vivo applications, or a chelating 
agent capable of binding small diagnostic or 
30 therapeutic molecules. 

4 • The slow release carrier-drug pharmaceutical of 
Claim 3 wherein LI and L2 are selected from the group 
consisting of: 

35 
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10 



30 



o 



.0 0 



15 5. A targeting substance-diagnostic/therapeutic 

agent conjugate joined by a Schiff base linker and having 
the formula: 

R 
I 

Targeting substance - N = C - Ar - Z 

2Q 

wherein "Ar" is a substituted or unsubstituted aryl 
group derived from an aromatic aldehyde or 
ketone having the formula R-CO-Ar; 

25 "N" is a nitrogen atom contributed by the 

targeting substance; 

"C" is a carbon atom contributed by the 
aromatic aldehyde or ketone; 



"R" is H or an alkyl, aryl or heteroaryl 
substituent contributed by the aromatic 
aldehyde or ketone; and 
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"2" is a diagnos-tic or therapeutic agent boiind 
either directly or indirectly to Ar. 

6 . A tairgeting siibstance-diagnostic/therapeutic 
5 agent conjugate joined by a Schiff base linker and having 

the formula: 

R 

Targeting substance-X-Ar-C=N-agent 

10 wherein "X" is (CHjj^ - Y, where n = 0-6, Y = active 

ester, isothiocyanate or maleimide, and X is 
substituted at the 3 and/or 5 position of Ar; 

"Ar" is aryl substituted with electron-donating 
15 and/or electron-withdrawing groups at the 2, 4 

and/ or 6 position; 

"R" is H or an alkyl, aryl or heteroaryl 
sxibstituent contributed by the aroinatic 
20 aldehyde or ketone; and 

"agent" is an amino-containing diagnostic or 
therapeutic agent; an amino-containing chelator 
for a diagnostic or therapeutic agent; or an 
25 amino-containing aromatic organometallic* 

7 • The targeting substance conjugate of Claim 5 or 
6 wherein Ar is selected from the group consisting of a 
monocyclic aromatic ring, an annulated aromatic ring, a 
30 carbocyclic aromatic ring and a heterocyclic ring system. 

8. A slow release carrier-drug pharmaceutical 

joined by a Schiff base linker and having the formula: 

R 
t 

3 5 Ca3rrier^X-Ar-C=N-agent 
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wherein "X" is (CH^j^ - Y, where n = 0-6, Y = active 
ester, isothiocyanate or maleimide, and X is 
substituted at the 3 and/or 5 position of Ar; 

5 

"Ar" is aryl substituted with electron-donating 
and/or electron-withdrawing groups at the 2 , 4 
and/or 6 position; 

10 "R" is H or an alkyl, aryl or heteroaryl 

sxibstituent contributed by the aromatic 
aldehyde or ketone; and 

"agent" is an amino-containing diagnostic or 
15 therapeutic agent; an amino-containing chelator 

for a diagnostic or therapeutic agent; or an 
amino-containing aromatic organometallic- 

9. The targeting substance conjugate of Claim 8 
2 0 wherein Ar is selected from the group consisting of a 

monocyclic aromatic ring, an annulated aromatic ring, a 
carbocyclic aromatic ring and a heterocyclic ring system. 

10. A targeting substance-diagnostic/ therapeutic 
25 agent conjugate joined by a hydrazone linker and having 

the formula: 

OH 

[ 

CO-TS 




NH-CO-<CHj?,-CO.A^fc4^ 



i 
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JZO-TS 



JOS. 




HO 




OK 



NK-CO-{Ca.)2-CO- A^e4^ 



SO«-NH-TS 
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11. A heterobifunctional linker useful for 
"targeting substance conjugation selected from the group 
consisting of: 



•OlOMS 




0 

ONJHS 



H,COC 



CHO 




HO' J 

OH 
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bridging group: class 530 subclass 391. 

II. Claicns 5 and 7 drawn lo conjugates having a Schiff base-linker bridging 
group: class 530 subclass 391. 

III. Claicns 6-<i drawn lo conjugates having a linker-Schiff base bridging 
group: class 530 subclass 391. 
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